The treatment of breast cancer (BC) has improved greatly in recent years, however, the limitations of current therapeutic modalities underscore the need to define new prognostic tools and develop highly targeted therapies. The aims of the present study were to explore the effects of circulating blood lymphocyte subsets on the survival of metastatic breast cancer (MBC) patients and to evaluate their predictive and prognostic value. The clinical data of 482 patients with MBC were retrospectively analyzed, and patients were grouped according to molecular types of BC. The distribution of peripheral blood lymphocyte subsets at the time of first metastasis was examined by flow cytometry, and the distribution of lymphocyte subsets in each group was categorized into ''high or low'' subgroups using the upper quartile point as the cut- 
| INTRODUCTION
Breast cancer (BC) is one of the most common female malignant tumors worldwide and is the leading cause of cancer-related death in women. 1 Metastatic, BC is generally incurable. Recent advances in molecular biology and immunology indicate that differences and dynamic alterations in the tumor immuno-microenvironment directly or indirectly affect the disease course and outcome. 2 Although BC is not considered a highly immunogenic tumor, evidence supports the presence of a rich tumor immunoenvironment in certain BC subtypes, the prognosis of which is related to the activation of the immune reactive pathway. 3 Some researchers have suggested that immune factors in the tumor microenvironment can be used as new independent prognostic indexes, and their prognostic value comparable to that of TNM staging. 4 . Currently, there is a growing interest in the BC microenvironment as a prognostic factor as well as a potential therapeutic target. Tumor infiltrating lymphocytes (TILs) have become a study hotspot.
Although the role of TILs in the prognosis of cancer is controversial, a large body of literature supports that TILs are strongly associated with recurrence rates and survival in multiple solid tumors. 5 Similar correlations are reported in BC, although the magnitude of the effect varies by disease subtype, and high levels of TILs are mostly evident in estrogen receptor (ER)-negative and human epidermal growth factor receptor 2 (HER2)-positive subtypes. In addition, studies show that TILs are associated with the beneficial effects of some treatments such as anti-HER2-targeted therapy and neoadjuvant chemotherapy. 3, [6] [7] [8] . The robust predictive ability of TILs for neoadjuvant chemotherapy is not restricted to ER-negative cancers. 5 An international cooperation is currently working on standardizing the evaluation of TILs to promote their implementation as biomarkers for BC. Ruffell et al 9 reported that TILs in solid tumors are mainly composed of T lymphocytes and (CD3 + )
T lymphocytes predominantly consist of CD4 + T and CD8 + T cells. Therefore, changes in the number, distribution, or functional status of CD4 + T, CD8 + T, or total (CD3 + ) T cells may affect tumor outcomes. However, previous studies investigating TILs have mostly focused on early BC patients undergoing surgery or neoadjuvant chemotherapy and little information is available on TILs in advanced diseases. Furthermore, the detection of TILs is complex and cannot be dynamically monitored. In this context, the use of peripheral blood as the main source of immune cells in the tumor microenvironment 10 has several advantages including simpler handling, easily accessible material, and the possibility of dynamic monitoring. In the present study, we analyzed lymphocyte parameters in circulating blood to provide basic data for further exploration of clinically useful tumor predictive and prognostic immune indicators. 
| OBJECTIVES AND METHODS

| Patient data
| Prognosis assessment
For the survival analysis, the primary end point was PFS as defined by the time interval between the date of first cancer metastasis and the date of disease progression (PD) after the first metastasis or to death whenever death occurred before PD. OS was defined as the time period from the date of first cancer metastasis to the date of death or study deadline. PD was defined according to the revised evaluation criteria of 
| Pathologic assessment
Basal phenotype positivity was defined as follows: ER/PR positive: tumor cell nuclear staining number ≥25% and/or 1+～3+; HER2 positive: IHC detection is 3+, and/or FISH detection represents gene amplification; Ki67 positive: tumor cell nuclear staining number ≥14% and/or 1+～3+. + ratio, taking the upper quartile value of the proportion as the cutoff value and divide each subpopulation into two subgroups (record as high and low). The remaining covariates were grouped according to the classification criteria in Table 1 . Kaplan-Meier curves and log-rank test were used for survival analysis. Multivariate analysis was performed by using the Cox proportional hazard regression model. Significant variables in univariate analysis (with P < 0.10) were retained for the multivariate procedure. Assessment of the associations in survival time between the received anti-HER2 treatment and nonreceived anti-HER2 treatment was performed by using Mann-Whitney U test as appropriate. A two-tailed sided P-value <0.05 was considered significant. Figure 1 shows box plots of circulating blood lymphocyte subsets in patients with different molecular types of MBC. The characteristics of the box plots for each lymphocyte subgroup and the corresponding median indicate that the lymphocyte populations are slightly higher in the luminal types than in the HER2 and TN types. Although the distribution of lymphocyte subsets is consistent with that reported previously, 11-13 the differences in the distribution of lymphocytes between the molecular types were not statistically significant. Table 2 describes the survival time of BC patients with different molecular types.
| Statistical analysis
| RESULTS
| Association with breast cancer subtypes
The results indicated that PFS and OS were slightly longer in the luminal groups than in the HER2-positive and TN groups, suggesting that the variation in the survival time for each BC subtype followed a similar trend to lymphocyte distribution. However, the distribution of lymphocyte subpopulations in the HER2-positive group was slightly lower than that in the TN group, whereas PFS and OS were better. This may be related to new drugs targeting the HER2 gene. the first metastasis had a worse outcome than those with lower levels, and circulating CD4 + and CD3 + T lymphocytes in the blood of MBC patients can predict short-term outcomes and determine the long-term prognosis (Table 3 and Figure 2 ).
| Survival analysis in luminal and
TN groups
Univariate and multivariate analysis of PFS and OS in patients with luminal A, luminal B, and TN groups showed no statistically significant correlation between the distribution of peripheral blood lymphocyte subgroups and prognosis (P ≥ 0.05, data not shown 
T A B L E 3 Univariate and multivariate
prognostic value of circulating lymphocytes in HER2-positive disease for PFS and OS
| Relationship between circulating CD4
+ and CD3 + levels and anti-HER2 benefit HER2 overexpression is a molecular oncodriver in 20%-25% of BCs and is associated with an aggressive clinical course and poor prognosis. 6 However, recent advances in anti-HER2-targeted drugs have improved the clinical outcomes of patients with HER2-positive disease. Despite this, the contribution of the host immune system to the efficacy of anti-HER2 therapy remains poorly understood. We therefore evaluated the relationship between circulating CD4 + and CD3 + T lymphocytes and the benefits of anti-HER2 therapies. The results of stratified analysis of 53 patients in the HER2-positive group (n = 75) who received anti-HER2 therapy are shown in Table  4 , and the median was used as the cutoff value (defining upper and lower subgroups). The survival time of the lower subgroup was significantly longer than that of the upper subgroup, although the difference did not reach statistical significance. These results indicated that lower levels of circulating CD4 + and CD3 + were associated with increased benefit from anti-HER2 therapy in HER2-positive MBC.
| DISCUSSION
Breast cancer is a complex and heterogeneous disease. It is estimated that 1.38 million new BC cases are diagnosed every year worldwide, accounting for 23% of all new cancer cases. BC is the second most common female malignant tumor after lung cancer. 14 The recent definition of gene expression characteristics has significantly improved the classification of BC; however, the prognosis of BC differs greatly according Traditionally, CTLs have been recognized as host-protective, and tumors with higher levels of infiltrating CTLs are associated with better patient survival. As central participants in the immune system, CD4 + T cells perform a critical role in recruiting, activating, and regulating many facets of the adaptive immune response. 17 Despite the fact that all CD4 + T lymphocytes subsets do not contribute equally, they are all fundamentally important for tumor immunity. 16 The distribution of each T lymphocyte subgroup varies greatly during different stages of tumorigenesis, suggesting that they may be determinants of tumor progression. 18 The currently accepted concept is that Th1 cells mediate anti-tumor immune response, whereas Th2 and Treg cells have immunoinhibitory properties. 19, 20 In the early stages of tumorigenesis, antitumor effects mediated by CTL and Th1 are dominant. As the tumor progresses, the number and proportion of tumorpromoting T lymphocytes grow rapidly and become dominant. Among them, the most representative is Treg, which can increase its proportion to 20%-40% of the total CD4 + T cells in intratumoral or peripheral blood. 21, 22 Samanth et al In the present study, we showed that circulating T lymphocytes were significantly correlated with prognosis and therapeutic efficacy in the HER2 amplification subtype, and not in the luminal or TN subtype. This suggests that the prognostic value of circulating T lymphocytes for MBC is similar to that of TILs for early BC, as both are related to specific molecular subtypes. The present results indicated that CD4 + was associated with PFS, which is consistent with prior studies involving CD4 + , 6, [22] [23] [24] 6, 7, 25 ; therefore, we hypothesize that the immune system may be more influenced by hormone receptor status than HER2 protein overexpression, and it is very likely that the luminal type is not sensitive to immune signals. Regarding the fact that our results did not reach the significance reported previously in the TN group, one possible cause is that peripheral blood immune cells are affected by a range of immunological and nonimmunological parameters, and they are relatively too far from the tumor nests to produce an immune response as strong as that observed in the tumor area. Another possible cause is that HER2 signaling may be responsible for sustaining an immunosuppressive microenvironment and perhaps has a more profound effect on the immune system, which is not a feature of the TN type. Therefore, a separate analysis of each subtype is essential when studying the effects of immune-related factors on the prognosis of BC, otherwise, obtained data may be biased and could represent a substitute of the disparities in prognosis between intrinsic subtypes. Anti-HER2-targeted drugs are thought to act primarily via direct effects on tumor cells 7 . Despite significant research efforts, no clinically clear biomarkers exist currently to distinguish patients who derive benefit from or are resistant to anti-HER2 regimens. Therefore, we further investigated the correlation between circulating CD4 + and CD3 + subpopulations and anti-HER2 benefit and highlighted the role of T lymphocytes in the efficacy of anti-HER2 treatment. Although we obtained statistically negative results, the survival time of the lower subgroup was significantly longer than that of the upper subgroup. Therefore, we have reason to believe that the lower distributions of circulating CD4 + and CD3 + T lymphocytes play a role in increasing the anti-HER2 benefit in HER2-positive diseases. The present data suggest that anti-HER2-targeted drugs work at least in part by modulating CD4 + T lymphocytes. This concept is supported by Perez 26 who showed that advanced BC patients with HER2-positive tumors exhibit a significantly increased frequency of circulating Tregs, and therapeutic intervention with trastuzumab leads to an overall reduction to normal levels in the frequency of Tregs. However, we failed to assess the frequency of Tregs in CD4 + T lymphocytes in our study, and further analysis of the composition of CD4 + T lymphocytes is warranted. Regarding our negative statistical results, they were likely due to the small sample size and selective bias, as only 26 patients (of 53 patients who received anti-HER2 therapy) were treated with Herceptin as an advanced first-line treatment. Others either selected Herceptin as a postoperative adjuvant therapy so that patients were already tolerant to Herceptin in the advanced stage, or they had received multiline treatments before Herceptin, besides there were four patients who received lapatinib treatment. These reasons may have affected the patients' survival time, and our results were therefore insufficient to produce statistically significant differences. The present study had several limitations. First, we were unable to evaluate the impact of the treatment received (such as chemotherapy) on the immune response prior to inclusion in the study. Further evaluation of the interaction between peripheral blood lymphocyte subsets and chemotherapy is needed. Second, the multivariate regression model in our study did not adjust for lifestyle factors (such as smoking or drinking), body mass index, or other parameters that potentially affect lymphocyte subsets. Thus, their inclusion in models may weaken the effect estimates. Third, the sample number in this study was insufficient and the results need to be confirmed in larger prospective cohorts. Fourth, our study did not detect TILs, and whether TILs are related to circulating T lymphocytes was not analyzed. To the best of our knowledge, there are few studies on the correlation of immune parameters in intratumoral, peritumoral, and peripheral blood, and the conclusions are inconsistent. Therefore, investigators continue searching for more refinement. Fifth, the superiority of any specific marker in a prognostic model mostly depends on applied cutoff points and heterogeneity, whereas the optimal cutoff point for different biomarkers depends on the clinical question. For example, different cutoff values may be required for distinct BC subtypes. We tried to select the optimal cutoff point based on the receiver operating characteristic curve, however, we observed a continuous relationship between lymphocyte distribution and prognosis, whereby we had to select the upper quartile point as the cutoff value. Further studies should analyze the cutoff values separately based on clinical practice to select the cutoff with the highest stratification value.
In conclusion, the present study provides new insight into T lymphocytes, suggesting their association with clinical outcomes and anti-HER2 treatment benefits in HER2-positive MBC. Despite the fact that multiple studies including our research suggest that changes in immune components are associated with prognosis, the clinical effects are limited. Further studies are required to determine how anti-HER2 treatment alters the immune microenvironment and whether the addition of immune checkpoint inhibitors can further improve the clinical outcomes in HER2-positive disease. Although the role of combining targeted anti-HER2 therapies and checkpoint inhibitors is currently undefined, there is no doubt that immune checkpoint inhibitors may further activate the local immune system and this is an area of active research interest. The GeparSixto study 27 shows a significant positive correlation between immune checkpoint markers (such as PD-1, PD-L1, CTLA-4, and IDO1) and TILs; however, additional trials are necessary to determine whether immune checkpoint markers are also related to circulating T lymphocytes. Nevertheless, it is certain that quantification of immune parameters may help identify patients who may benefit mostly from immune-related therapies. In addition, the immune response is very complex and a better understanding of the interaction between the immune response, intrinsic subtypes, and patient outcomes is necessary. Further analysis of the nature and functional roles of T lymphocytes and other immune subpopulations in tumor progression is warranted to obtain evidence for the clinical effectiveness of this biomarker.
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